The utility of monoclonal antibody Mab-2C in identification of Mycoplasma iowae (MI) by colony immunoblotting technique was explored. Colony immunoblots of reference MI strains, field isolates, and mycoplasmas recovered from experimentally inoculated turkey embryos were probed with Mab-2C. The monoclonal antibody identified colonies of all the MI isolates tested and did not cross-react with colonies of M. gallisepticum, M. synoviae, or M. meleagridis. In western immunoblots of 22 MI field isolates, Mab-2C showed immunoreactivity with an antigen of approximately 45 kD molecular weight. No phenotypic variation of the epitope recognized by Mab-2C was observed in colony immunoblots of MI colonies. The monoclonal antibody reported here can be used for identification of MI colonies by a simple and rapid colony immunoblot method.
Mycoplasma iowae (MI) is recognized as a cause of infections of potential economic importance in turkeys and has also occasionally been isolated from chickens. 1 In the turkey, it has been associated with reduced hatchability and embryo mortality 7 while experimentally infected chickens and turkeys had airsacculitis and leg abnormalities. 1, 6 Although MI has been eradicated from the stock of at least one large primary turkey breeding company, 1 infections are encountered in commercial birds and reliable diagnostic methods are still needed.
Strains of MI have shown considerable antigenic heterogeneity in tests such as growth inhibition and immunofluorescence. Recognition of field isolates sometimes requires the use of more than one antiserum 4, 5 . In contrast, MI strains have been reported to be much more homogeneous when analyzed by protein profile on sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). 12, 15 Despite the similarity of the SDS-PAGE patterns of these strains, antigenic diversity was demonstrated among 14 MI strains by western immunoblotting using monoclonal antibodies. 11 A monoclonal antibody (Mab-2C) has been produced 14 that reacts consistently with 6 laboratory and 24 North American turkey isolates of MI in western immunoblots and which therefore appears to be very promising for diagnostic purposes.
This communication presents evidence of the efficacy of Mab-2C in identifying MI cultured from experimen-tally infected turkey embryos and also in 22 further field strains of MI originating from diverse geographic locations. These strains also included 2 isolates from chickens.
Materials and methods
Mycoplasmas. Mycoplasma iowae type strain 695 was obtained from the American Type Culture Collection (Rockville, MD). After laboratory passage in broth, it was used at passage levels of 50, 100, and over 500. Twenty-two MI field isolates (sources shown in Table 1 ) were from the University of Liverpool collection. Strains from Israel were kindly provided by Dr. S. Levisohn of the Kimron Veterinary Institute.
MI field isolates 95-043/23 and 390/89, from dead-in-shell turkey embryos in West Virginia, USA, were used for embryo inoculation studies. Mycoplasma gallisepticum (MG, strain PG-31), Mycoplasma meleagridis (MM, strain 17529), and Mycoplasma synoviae (MS, strain WVU-1853) were obtained from the Avian Research Center, University of Minnesota, St. Paul.
Mycoplasma culture. Modified Frey's medium 9 was used in the Minnesota laboratory, and a modified Edward-type medium 3 was used in the Liverpool laboratory. Turkey eggs were used for embryo inoculation studies. Twenty-five fertile mycoplasma-free turkey eggs were obtained from a commercial poultry hatchery. a On day 8 of incubation, 4 eggs were selected randomly, and the embryonic fluids were cultured for bacteria and mycoplasma on blood agar, Mac-Conkey agar, and modified Frey's agar.
Monoclonal antibodies. Monoclonal antibodies (Mabs) were produced against MI strain I-695. Production and characterization of Mab-2C, the monoclonal antibody used in this study, has been described previously. 14 For colony immunoblots, ascitic fluid was used as the source of Mabs.
Antigen preparation. For colony immunoblotting MI, MG, MS, and MM strains were cultured on appropriate agar. 9 Mid-log phase cultures of each strain were serially diluted 10-fold in broth, and 25 l of a 10 Ϫ4 dilution was dispensed onto the surface of agar in a 60-mm diameter Petri dish. The plates were incubated in a humidified chamber at 37 C for 7-10 days. They were examined daily from the fifth day onward for mycoplasma colonies. Antigens of field isolates for western immunoblotting were prepared by the procedure described earlier. 14 
Experimental inoculation of turkey embryos.
Mid-log phase broth cultures of two MI field isolates, 95-043/23 and 390/89, were prepared and centrifuged at 13,000 ϫ g for 10 min at 4 C. The pellet was resuspended in an equal volume of phosphate-buffered saline (PBS, pH 7.3).
Three groups of turkey eggs each were inoculated via the yolk sac using a 22-gauge needle on day 9 of incubation. Groups A and B were inoculated with field strains 95-043/ 23 and 390/89 (100 l containing approximately 100 colonyforming units), respectively, and group C was inoculated with PBS to serve as an uninfected control group. The eggs were incubated at 37 C in a conventional cabinet incubator and candled daily. Eggs exhibiting embryo mortality within 24 hr of inoculation were discarded. Embryos that died at a later stage were examined for gross lesions. The extra-embryonic fluids and intestines (interior) were swabbed b and cultured for bacteria and mycoplasma on blood and mycoplasma agar plates, respectively. All embryos surviving at hatch were euthanized and examined for gross lesions. Attempts to isolate mycoplasma were made from the wall and contents of the large intestines. 15 After smearing swabs onto agar medium in triplicate, the plates were incubated aerobically and anaerobically at 37 C. All plates were examined daily for bacterial and mycoplasmal growth.
Replica colony immunoblotting (RCIB). Nitrocellulose membrane c (NCM) was cut into circular discs approximately 4 cm in diameter. The membrane was gently placed onto the surface of agar plates bearing mycoplasma colonies and left for 10 min at room temperature. The nonspecific binding sites on the NCM were then blocked with 3% gelatin in Trisbuffered saline (TBS, 25 mM Tris-HCl, 250 mM NaCl, pH 7.4) for 1 hr at 37 C. In the Minnesota laboratory, the NCMs were stored at Ϫ20 C and analyzed within 1 wk of transfer, whereas they were examined immediately in the Liverpool laboratory. In the former laboratory, the NCMs were thawed and washed 3 times for 5 min with Tris-buffered saline with Tween 20 (TBST, TBS with 0.05% Tween 20, pH 7.4). The membranes were treated with Mabs (or control antisera) and diluted 1:500 in TBS containing 1% bovine serum albumin for 4 hr at room temperature. After washing 3 times with TBST, the NCMs were treated with affinity-purified horseradish peroxidase (HRP)-conjugate goat anti-mouse IgG (HϩL), c diluted 1:3,000 in TBST for 1 hr at room temperature. Following this, the NCMs were developed with a commercial kit c according to the manufacturer's instructions. The reaction was stopped by immersing the NCMs in distilled water. The blots were examined under a light microscope.
The same method was used in the Liverpool laboratory except that the HRP-conjugate used was rabbit anti-mouse IgG (whole molecule) d and the dilutions of Mab-2C and conjugate were 1:100 and 1:500, respectively.
The NCM discs were probed either with Mab-2C or with homologous chicken antisera. Unexposed mouse serum or chicken serum served as negative controls. For colony immunoblots of MG, MS, and MM colonies, specific chicken antisera e were used and detected with HRP-labeled rabbit anti-chicken antibody. f In Liverpool, NCMs were also probed with homologous rabbit antisera and detected with HRP-labeled goat anti-rabbit antibody. d Western immunoblotting. Antigens were prepared from the 22 MI field isolates ( Table 1) and analyzed by western immunoblotting as previously described. 14 
Results
Experimental inoculation of turkey embryos. No bacteria or mycoplasmas were isolated from embryonic fluids of the eggs sampled prior to inoculation. Most deaths in infected embryos occurred between 17 and 20 days of incubation (Table 2) . MI was isolated from all but one embryo in group A and from all embryos in group B. In group A, mycoplasma was not isolated from one of the hatched eggs (recovery was 85.7%). The dead-in-shell embryos and infected hatched poults were smaller than normal. The dead embryos exhibited generalized edema and congestion. No bacteria were isolated from these eggs.
Replica colony immunoblotting (RCIB). Although storage of blotted NCMs at Ϫ20 C was found to be satisfactory in the Minnesota laboratory, it produced inferior results in the Liverpool laboratory, where fresh blots were preferred.
In the Minnesota laboratory the procedure was applied to the 6 MI reference strains (I, J, K, N, Q, and R), to MI 695 after different in vitro passages, and to representative isolates of the 2 field strains recovered from the inoculated embryos. It was also applied to colonies of the heterologous species MG, MM, and MS. In the Liverpool laboratory 6 field strains from diverse sources ( Table 1) were tested. These were B16/80, B2/90, B68/ 91, B20/95/RF3/OES, B101/95, and Yavne. Monoclonal antibody Mab-2C recognized colonies of all 6 MI reference strains (Fig. 1) . No variation in reactivity of colonies from different in vitro passaged MI-695 strain was observed (Fig. 2) . Colonies of the 2 field strains recovered from embryos were immunoreactive with Mab-2C (Fig. 3) , and all the other MI field isolates tested were stained by this monoclonal antibody (colony blots not shown). There was uniform development of color reaction on colonies, and the number of colonies recognized on the blots matched the colony count on the respective agar plate. Mab-2C did not cross-react with imprints of other pathogenic avian mycoplasma tested ( Fig. 4) .
Western immunoblotting. Mab-2C reacted with an antigen of approximately 45 kD molecular weight (p45) in all 22 field isolates included in the study (Fig. 5A, 5B ).
Discussion
The objective of the embryo inoculation study was to reisolate and identify MI with monoclonal antibody Mab-2C by a colony blotting technique. A low dose of organisms was thus inoculated to sustain the infection rather than to cause high mortality. In spite of this, the hatchability rate was low, probably because of logarithmic growth and the virulence of the inoculated field strain. The occurrence of most embryo deaths toward the end of incubation and the appearance of the lesions were typical of MI. The pathogenicity of this mycoplasma varies with the strain and dose and may exhibit a mortality up to 100%. 1, 8 Colonies of various reference strains and field strains of M. iowae, as well as those recovered from the experimentally infected turkey embryos, reacted with Mab-2C and did not show any variation in reactivity within or between colonies. Variability in surface protein reactivity among MI colonies has been ob-served by routine methods of diagnosis, immunofluorescence, and colony immunoblotting. 4, 10, 13 Sharing of a surface epitope between M. gallisepticum, M. iowae, and M. imitans was shown by Rosengarten and Yogev. 13 Weak cross reactivity was observed between M. iowae antigens and antisera to M. synoviae, M. anatis, and M. gallinarum. 2 Therefore, an ideal antibody for diagnostic colony immunoblotting would be one that recognizes a surface antigen, does not cross-react with other species antigens, and does not exhibit variation in reacting with different colonies of the same species.
Immunoreactivity of Mab-2C with the p45 epitope in several MI strains and isolates has been shown previously. 14 In this study too, the monoclonal antibody recognized p45 in all 22 field strains in western immunoblots. These strains were from diverse geograph- ic areas and have been isolated over a span of nearly 20 years. The immunoreactivity of p45 in all these isolates suggests that the epitope may be conserved in MI and perhaps does not exhibit phase variation. It was reported previously that Mab-2C reacts with surface antigen by immunogold labeling, Triton X-114 phase separation, and immunofluorescent staining. 14 It was also shown earlier by western immunblotting that Mab-2C does not cross-react with other avian mycoplasma antigens. 14 In the case of mixed infections, Mab-2C may be a good tool for identifying MI for diagnosis and for subsequent research on the isolate. All these characteristics make Mab-2C an ideal antibody for use in diagnostic colony immunoblot procedures for identification of MI infections. 
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